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(54) Method for repairing spray-formed steel tooling 



(57) A machine tool or die. that is fabricated from 
thermally spray-formed steel is easily repaired by clean- 
ing, roughing and covering the surface to be repaired by 
a cold-spray layer of metal and then forming a weldment 
by conventional electric welding processes. The 



repaired surface is then finished by conventional 
machining, grinding and polishing and then the tool is 
put back into service. 
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Description 

[0001] This invention relates in general to spray- 
formed steel tooling produced by thermal spray proc- 
esses and more particularly to a method for repairing of 5 
such spray-formed steel tooling. 

[0002] Spray-formed tooling is fabricated by first 
creating a pattern of the desired tool using a free form 
fabrication technique.The pattern is then used to create 
a ceramic mould that is the inverse of the tool to be pro- 10 
duced. The resulting ceramic mould is the receptor into 
which metal is sprayed to form a deposit in the shape of 
the desired tool. 

[0003] At least one spray forming process is wire- 
arc spraying. In wire-arc spraying, electric current is car- 15 
ried by two electrically conductive, consumable wires 
with an electric arc forming between the wire tips.. A 
high-velocity gas jet blowing from behind the moving 
wires strips away the molten metal that continuously 
forms as the wires are melted by the electric arc. The 20 
high-velocity, gas jet breaks up or atomises the molten 
metal into finer particles in order to create a fine distri- 
bution of molten metal droplets. The atomising gas then 
accelerates the particles away from the electrode tips to 
the substrate surface where the molten particles impact 25 
the substrate to incrementally form a deposit in the 
shape of the tool. 

[0004] The completed tool is then mounted and 
used to produce parts just like any other stamping, die 
casting, or moulding process. There is concern about 30 
fatigue life because the porosity of the tool produced is 
five percent or more, but preliminary estimates of the 
fatigue life of these parts under load is 10,000 or more 
cycles which is acceptable for prototype tool applica- 
tions. 35 
[0005] Spray-forming of steel is used for rapid pro- 
duction of prototype and production steel tooling at con- 
siderable cost savings over the conventional production 
by machining and heat treatment of steel tooling for 
such applications as injection moulding and stamping. 40 
Typically small sets of prototype permanent tooling can 
take from four to five months to fabricate, while large 
prototype tooling can take up to one year to fabricate. 
Spray-formed steel tooling has been produced in one 
month at costs substantially less than for permanent 45 
tooling. 

[0006] Such spray-formed steel prototype tooling 
however, has a limited lifetime than its conventional 
machined steel counterpart, due, in part to the more 
granular nature of the thermally-sprayed steel, and gen- so 
erally lower overall strength of the sprayed material. 
Thus, spray-formed steel tooling may be expected to 
incur a greater need for repair during its useful lifetime 
and subsequent extension of lifetime through advanced 
surface repair processes. Typical tool repair involves arc 55 
welding new material on the tool, then machining and 
polishing the material to match the tool. However, the 
non-homogeneous nature of thermal spray-formed 



steel does not allow for the practice of common welding 
techniques used on tool steel unless the thermal spray- 
formed steel is heated to approximately 200°C before 
welding and then cooied slowly to reduce cracking. 
[0007] U.S. Patent 5,302,414 entitled "Gas- 
Dynamic Spraying Method for Applying A Coating" was 
issued to Alkhimov et al. on April 12, 1 994. The method 
introduces particles of a powder into a gas.. The parti- 
cles are a metal, alloy, or a polymer. The gas and the 
particles are formed into a supersonic jet having a tem- 
perature low enough to prevent thermal softening of the 
particles. The jet is directed against an article of another 
materialsuch as a metal, alloy or dielectric where the 
particles coat the article. 

[0008] According to the present invention there is 
provided a method for repairing thermal spray-formed 
tooling such as die pieces comprises the steps of: 
cleaning the surface area to be repaired of dirt and 
impurities; preparing the surface area to be repaired to 
accept spray coatings; and then cold-spraying an initial 
layer of low-carbon steel to a predetermined thickness 
on the spray-formed tooling on the surface area to be 
repaired. 

[0009] It is a principle advantage of the present 
invention to repair spray-formed steel tooling economi- 
cally and without the need for highly experienced weld- 
ing personnel. 

[0010] It is another advantage of the present inven- 
tion to be able to weld spray-formed steel tooling by 
conventional welding processes. 

[0011] It is yet another advantage to avoid any gas 
release during repair from the spray-formed steel tool- 
ing that operates to weaken the repair. 
[0012] Preferably the initial layer is of low-carbon 
steel which is deposited onto the repair surface by the 
process of cold spraying or cold gas-dynamic spraying 
to a predetermined thickness on the surface area to be 
repaired. Once the surface has a finite layer of cold- 
sprayed steel on the surface, a weldment is deposited 
on the surface by an electric welding process and the 
weldment is then finished to the desired surface by con- 
ventional machining, grinding and polishing. 
[0013] The present invention will now be described 
further, by way of example, with reference to the accom- 
panying drawings, in which: 

Fig. 1 is a schematic of a cold spray process as 
found in the prior art; 

Fig. 2 is sectional view of a weld bead on a thermal 
sprayed steel tool; and 

Fig. 3 is a flow chart for a method of repairing spray- 
formed steel embodying the present invention. 

[0014] Referring to the drawings by the characters 
of reference there is illustrated in Fig. 1 the cold gas 
dynamic spray process 10 according to the prior art as 
found in US patent 5,302,414. The method of the inven- 
tion utilises cold gas spraying of low-carbon iron or steel 
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on thermal spray-formed steel tooling. The purpose of 
the cold gas spraying is to develop an intermediate layer 
capable of having a weldment formed by means of an 
electric welding process such as Gas-Metal Arc Weld- 
ing, GMAW, or as is sometimes identified as Metal Inert 5 
Gas welding or MIG. In addition Tungsten Inert-Gas 
Welding is also used. 

[0015] Fig. 1 illustrates schematically a simplified 
cold gas deposition system 10 according to the prior art. 
In this process, a stream of gas 12 - predominantly air, 
nitrogen, helium or mixtures of the same, is accelerated 
through a converging-diverging nozzle 14, i.e., a DeL- 
aval nozzle, so as to provide a supersonic gas stream. 
This may be achieved through pressurisation and pre- 
heating in a heater 16 of the inlet gas stream. Solid par- 
ticles are introduced from a hopper means 1 8 through a 
feeder 20 upstream of the nozzle 14 constriction under 
high pressure. The accelerated particles impact on a 
substrate surface 22 such as a tool and build a thick 
coating or layers 24 by a process of cold compaction. As 
an example, the cold gas-dynamic spray process has 
the capability to develop thick, 3-5 mm layers of Ancors- 
teel 1000 (Trademark of Hoeganaes Corp.) iron powder 
on the substrate 22 or tool. 

[0016] In each case for building the weldment on 
the substrate 24 is by an electric welding process uti- 
lises filler rods that are the common filler metals used 
for die repair and material build-up. 
[0017] The spray-formed steel die piece or tool 22 
to be repaired is first cleaned of any dirt or impurities 26. 
The surface 22 to be repaired is then prepared 28 for 
the acceptance of the cold gas-dynamic spray 30, or 
cold-spray, layer by means of grit blasting, electrical dis- 
charge machining, plasma torch cleaning or any of sev- 
eral surface preparation steps known to produce rough 
surfaces for acceptance of sprayed coatings. After the 
preparing of the surface 22, the prepared surface 23 
receives a cold spray layer 24. 

[0018] in addition it may be possible to develop a 
cold-spray layer in the absence of any special prepara- 
tion steps, other than cleaning. This is so, since in the 
cold-spray process the material being sprayed or 
deposited forms a surface that allows the subsequent 
material to adhere due to the prior material being ballis- 
tically embedded in the surface of the substrate or more 
particularly the tool. 

[0019] In the schematic of Fig. 2, the intermediate 
layer 24 of the cold-spray material is normally devel- 
oped to a thickness between 1 00 and 1 000 micrometers 
using helium gas at the inlet gun pressure of 350 psi or 
2.4 MPa at a temperature of 325° to 400° Centigrade. 
The optimum particle size of the iron powder in the 
feeder 20 is less than 45 micrometers average dimen- 
sion and should be dry and generally free of gross sur- 
face oxidation. Once an intervening layer of high-purity 
iron on the substrate 22 or tool is developed by the cold- 
spray process, further build-up of the repair material 
may be effected by GMAW or TIG welding methods as 



are well known in the mould and die repair art. 
[0020] Once the weldment 40 or repair is completed 
by the welding process such as TIG 34 or GMA 36, the 
surface is then finished 38 to the desired surface finish 
by convention machining, grinding and polishing. Then, 
the tool or die is ready to be put back in service. 
[0021 ] As an example, a weldment 40 was made to 
a monolithic piece of cold-sprayed iron deposited under 
the above-described conditions. A TIG welder was used 
to develop a weld bead on the cold-sprayed steel using 
straight DC polarity with argon shielding gas. A mild 
steel filler rod was used with the amperage on the TIG 
welder varying between 35-70 amps. As alternative, the 
filler rod can be a nickel rod that is 99% nickel that is 
otherwise a 'pure' nickel rod. 

[0022] Problems of porosity, oxidation and carbon 
content of the thermally spray-formed steel material of 
the tool insofar as weld-metal adherence, are effectively 
overcome by the intermediate layer 24 of high-purity, 
low-carbon, low-oxygen cold-spray material. 
[0023] Referring to Fig. 2, the principal advantage 
of the cold-spray steel intermediate layer 24 is the capa- 
bility for development of a superior weldment 40 built 
directly on the thermal spray-formed steel tooling 42. In 
an alternate embodiment, without the cold-spray steel 
layer, the spray-formed steel would have to be heated to 
approximately 200° C before welding and then cooled 
slowly to reduce cracking. This preheating step has also 
proved damaging to the soldered water lines in finished 
tools and dies and as a result the preheating step may 
take several hours, even for a relatively small die such 
as one that is 2 feet square. In addition, this preheating 
step is complicated for spray-formed steel tools since 
the material has a thermal conductivity approximately 
thirty-three percent (33%) of wrought steel and heating 
too quickly can produce cracking in the tool. The eco- 
nomics of having the ability to weld repair a spray- 
formed steel tool without concerns of cracking permits a 
lower skilled welder to repair tools using the cold-spray 
weld process. In the process of this alternate embodi- 
ment, no preheating step is used. 
[0024] The cold-spray steel layer has little porosity 
in contrast with the higher porosities of up to 10-15% 
volume for typical thermally spray-formed steel tooling. 
This internal porosity in the spray-formed steel tool is a 
source of additional gas release during conventional 
welding. This results in gas trapping in the repair weld 
bead or weldment and the resultant weakening of the 
repair. The normal solution of this condition is to grind 
the weld bead back to below the original surface, and 
re-weld until no further porosity is detected. This is not 
only a tedious process but also a process that is unpre- 
dictable. 

[0025] As an alternative step 44, the cold-spray 
steel may have sufficient strength and with a microhard- 
ness of up to 190 Vickers, act as the repair material 
itself without the need for additional weld processing. 
Deposits of the cold-spray steel of up to 4 mm in thick- 
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ness with favourable states of residual stress have been in g the layer of coid-sp rayed material is greater than 

achieved. When using the cold-spray steel as the repair 300°C. 

material, the cold-spray steel can be fused with an 

energy source such as a TIG torch with no filler rod. 

Other fusing energy sources are lasers, plasma 5 

torches, electron beams, to name but a few such energy 

sources. 
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1. The method for repairing thermal spray-formed 
tooling such as die pieces comprises the steps of: 

cleaning the surface area to be repaired of dirt 
and impurities; 15 
preparing the surface area to be repaired to 
accept spray coatings; and then 
cold-spraying an initial layer of low-carbon steel 
to a predetermined thickness on the spray- 
formed, tooling on the surface area to be 20 
repaired. 

2. A method as claimed in claim 1 additionally includ- 
ing the step of depositing by an electric welding 
process a weld bead on the cold-spray layer. 25 

3. A method as claimed in claim 2 additionally includ- 
ing the step of finishing the surface of the weid- 
ment 

30 

4. - A method as claimed in claim 1 additionally includ- 

ing the step of depositing additional cold-spray, low- 
carbon steel on the initial cold-spray layer. 

5. A method as claimed in claim 4 additionally includ- 35 
ing the step of fusing the cold-spray layer with an 
energy source. 

6. A method as craimed in claim 4 additionally includ- 
ing the step of finishing the surface of the weld- 40 
ment. 

7. A method as claimed in any one of the preceding 
claims, wherein the step of preparing the surface 
area to be repaired is by direct ballistic depositing 45 
cold-spray materials to accept the cold-spray coat- . 
ing layer. 

8. A method as claimed in claim 1 , wherein the prede- 
termined thickness is approximately 1 mm. so 

9. A method as claimed in claim 4, wherein the step of 
depositing additional cold-sprayed, low-carbon 
steel is by depositing said steel to a thickness of 
approximately 5 mm. 55 

10. A method as claimed in any one of the preceding 
claims, wherein the desired temperature of depOSit- 
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